The appropriate usage of laboratory tests has been a worldwide concern during the past several decades. Areas in which strategies have been applied to reduce inappropriate use of tests include education, feedback, and requisition design. The outcomes of these strategies demonstrate a variable degree of success in the reduction of test orders (as high as 38% reduction for targeted tests).
The appropriate usage of laboratory tests has been a worldwide concern during the past several decades. Areas in which strategies have been applied to reduce inappropriate use of tests include education, feedback, and requisition design. The outcomes of these strategies demonstrate a variable degree of success in the reduction of test orders (as high as 38% reduction for targeted tests). [1] [2] [3] [4] [5] [6] [7] [8] Education strategies were found to be mostly ineffective, whereas requisition design strategies produced a more durable effect.
Siriraj Hospital is a 2200-bed, university affiliated hospital in Bangkok, Thailand. Laboratory tests are requested at that institution on paper forms. Physicians write their orders for laboratory tests into patient medical records and nurses transfer these orders into the proper request forms. Finally, laboratory technicians type in the orders to the laboratory information system (LIS). The use of laboratory tests was taken into account during the revision of the request form at the end of 2008. Based on the knowledge that the routine use of γ-glutamyl transferase (GGT) is not recommended, [9] [10] [11] we became aware that GGT had been requested in many inappropriate conditions (eg, screening for liver disease). Moreover, unnecessary requests of GGT may be caused by panel testing, a common cause of inappropriate test usage. 12 Therefore, we decided to modify the request form in hopes of reducing inappropriate GGT ordering.
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The objective of this study was to determine the effect of the modified request form on the total number of GGT tests ordered and performed, the prevalence of inappropriate GGT ordering in the year before and after the modification of the form, and the characteristics and causes of the inappropriate ordering.
Materials and Methods
The laboratory request form was modified at the end of 2008. GGT was removed from the "Liver Profile" category and transferred to the category "Other." A new version of the request form was distributed throughout the hospital at the beginning of 2009. We observed the total number of GGT tests ordered and performed in fiscal year 2008 (before the change in the request form) and fiscal year 2009 (after the change).
To determine the prevalence of inappropriate GGT ordering, we performed a retrospective medical record review for patients for whom GGT testing had been requested in the year before and after the change in the request form; we obtained approval for this project from the Siriraj Institutional Review Board (protocol number Si 097/2010). We retrieved the list of patient names from the LIS. The patients were randomly selected via SPSS software, version 11.5 (SPSS Inc, Chicago, IL). One performance of GGT testing was counted as 1 episode. For patients having more than 1 episode, we only reviewed randomly selected episodes.
Data in the case record form included patients' demographic data (age and sex), clinical data (diagnosis, underlying disease, and clinical setting), and data related to GGT ordering. The lattermost item was made up of the source of the order (outpatient or inpatient, along with the division in which the order was made), the type of healthcare professional (faculty, resident/fellow, or medical student), and the phrase used for the order (selective testing or profile testing).
To develop the criteria for assessing the appropriateness of GGT ordering, we reviewed literature related to the clinical use of GGT [9] [10] [11] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and validated the criteria by conducting a survey to determine the opinions of gastroenterologists, pediatric gastroenterologists, gastrointestinal surgeons, and hepatobiliary surgeons in our hospital on this matter. The survey participants did not dispute any of the criteria (all answered as "agree" or "no opinion"). The criteria for appropriate and inappropriate GGT ordering are as follows:
I. Appropriate GGT ordering 1. To confirm the hepatic origin of elevated alkaline phosphatase (ALP) in patients without jaundice 2. To detect amount of alcohol ingestion (if any) during alcohol-abstinence treatment 3. To determine cholestasis in children and adolescents (defined as individuals younger than 20 years) 4. To determine cholestasis in patients who have elevated ALP levels due to other physiologic or pathologic conditions (pregnancy, bone tumors, etc) 5. To diagnose acute common bile-duct stones [23] [24] 6. To detect liver graft rejection after liver transplantation, including detection of hepatic graft vs host disease after bone marrow transplantation [25] [26] II. Inappropriate GGT ordering 1. In tandem with ALP test ordering in patients with jaundice in the absence of physiologic or pathologic conditions that cause elevated ALP, as stated previously herein 2. In patients with known liver diseases for whom GGT testing did not yield additional information for diagnosis and management 3. With liver profile as preoperative screening 4. With liver profile as screening before medical treatment 5. With liver profile as screening after medical treatment (to monitor liver adverse effects) 6. Unspecified (to check for liver disease, routine laboratory investigation in critical illness, etc)
All medical records were reviewed by the same investigator, a gastroenterologist (S.P.), throughout the study.
We compared categorical variables using the χ 2 test and compared continuous variables using the Student's t-test. Statistical significance was set at P <.05. The statistical software SPSS for Windows (version 11.5; SPSS Inc.) was used for statistical analysis.
Laboratory QA reduced from 81,020 tests to 35,816 tests (a 44.2% reduction). This reduction was inversely correlated with the increasing number of patient visits, admissions, total laboratory tests, and other liver-enzyme tests ( Table 1) .
Of the 400 randomly selected GGT ordering episodes, 51 did not have data available in the medical records, 169 took place before the change in the ordering form, and 180 occurred after the change. The overall percentage of inappropriate GGT ordering was nonsignificantly reduced after the change in the request form (from 85.8% in 2008 to 81.7% in 2009; P =.30).
We also found no significant difference in the frequency of each appropriate and inappropriate GGT ordering criterion between the 2 study periods (P =.33 and P =.29, respectively). Unspecified reasons (eg, routine laboratory testing and checkups) accounted for a large proportion of inappropriate ordering ( Table 2) .
After the change to the request form, specific orders for GGT (as indicated by the notation "GGT" written by the health care professional on the paper-based medical record of the patient) appeared more frequently than at previous times ( Table 3) . Despite this, most of the words used for ordering were still "liver function test/LFT."
When we discovered that GGT was still being performed when a healthcare professional ordered a "liver function test/LFT," despite the change to the request form, we investigated this situation by reviewing the medical records of the patients connected with 128 request form sheets that included a checkmark for the option GGT in the "Other" panel. Physicians wrote "liver function test/ LFT" in 86.2% of these medical records.
To study which characteristics pertaining to GGT ordering were different between the "appropriate" and "inappropriate" groups, we compared the percentage of inappropriate GGT ordering in each category ( Table  4) . GGT ordering in nonhepatobiliary diseases was inappropriate by a higher percentage than in hepatobiliary diseases. In addition, GGT ordering in the outpatient group was inappropriate by a significantly higher percentage than in the inpatient group. 
Discussion
The results from this study support the reports in the existing literature that the recategorization of GGT from the "liver profile" section to the "Other" section on the laboratory request form reduced the total number of times the test was used 3,5 by 44.2%. However, we found that modification of the laboratory request form had no effect on the appropriateness of test ordering because the proportion of inappropriate GGT ordering was not significantly reduced after we moved GGT out of the "liver profile" portion of the request form.
The inappropriate use of GGT after the change in the request form could be explained by unintentional GGT requests. When physicians ordered a "liver function test/ LFT," nurses may have also ticked the checkbox for GGT in the "Other" section. This probably happened because of a misunderstanding that GGT is always included in the liver profile. These data demonstrated that panel test ordering leads to unnecessary testing. This mistake may be solved by having electronic request forms checked directly by physicians.
There was a high percentage (77.3%) of inappropriate GGT ordering even when physicians specifically requested GGT by writing it in the medical records ( Table 4) . This finding is consistent with the knowledge that currently, prepreanalytical errors, defined as the failure of physicians to order appropriate tests, occur most commonly among all medical errors. 27, 28 Regular feedback to physicians, as well as educational programs for them and audits of their test ordering patterns, may encourage the appropriate use of GGT. Further study undertaken by pairing preand posteducational intervention is needed to ensure that physicians understand the indications for GGT testing. In the near future, when an electronic request is implemented in our hospital, a pop-up reminder of indications for tests ordered will provide another effective solution. 29 The estimated cost savings per year from the reduction of GGT testing after the reclassification of the test on the order form is approximately US$24,000 (all values in working with key physicians to set up criteria for and evaluating the appropriate use of certain kinds of testing. 29 The limitations of this study include the nature of retrospective review; some data were possibly missing. For example, there might have been some specific reasons for GGT ordering of an unspecified nature ( Table 2) , although those specifics were not documented in the medical records of the patients in question. Nevertheless, the cases of appropriate use could be classified reliably because the indications of GGT testing are limited. Additionally, the proportion of outpatients to inpatients was higher in the 2009 study period ( Table 3) despite random selection. This bias possibly influenced the "inappropriate" rate because GGT ordering in the outpatients seemed to be more inappropriate than in the inpatient group (Table 4) . We could determine no exact explanation for this observation. We speculated that it might have occurred because taking care of inpatients at a teaching hospital is usually performed by a team, whereas most outpatients meet only 1 physician during each visit.
The data from this study cannot be applied to other institutions in which physicians are directly filling out requisition forms or directly ordering testing via an electronic order entry system. Still, our findings can be informational in the appropriate design of a laboratory test panel in an electronic system.
In conclusion, the change in the laboratory request form designation of GGT was associated with a reduction in total test usage but was only nonsignificantly associated with a reduction in the proportion of inappropriate testing. Panel test ordering is a cause of inappropriate laboratory test usage; therefore, selective test ordering is more appropriate. Clinical indications should always be considered before ordering any laboratory test. To ensure appropriate test ordering, we strongly recommend that feedback and education be provided to test users across a variety of medical disciplines.
